The clonal propagation through tissue culture techniques has limitations in the flower industry due to the requirementof highly skilled manual labour and to the limitation of automatia. The growth in liquid medium is an interesting alternative that might provide opportunities only if it will be possible to control or avoid the tissue hyperhydration. Several attempts, with the aims to overcome this negative feature and to increase production rates, were made with a system which provides a temporary contact between the biomass and the liquid medium. Some results were recently reported for tropical cultures, Eucaliptus, Aspen and Psidium guajava and fruit trees (the apple rootstock M26). For this purpose a particular container has been studied by Teisson and Alvard (1995) and registered by CIRAD (France).
INTRODUCTION
The clonal propagation through tissue culture is still a methodology that has high potential and that has not been completely used in the flower industry. The reasons had to be recognised in the necessity of a high level of manual labour and to a low degree of possible practical and economic automation. The use of bioreactors to increase production rates in liquid cultures has not been taken into consideration for various reasons: first of all because these instruments were studied for the bacterial or yeast fermentation that needs the active control of different parameters (high temperature). These fermentation last hours or at maximum days, reducing the risk of contamination. The plant structures, instead, are they buds, somatic embryos or microbulbs, have low temperature requirements but, having a productive cycle of some weeks the guarantee of asepsis of all the system becomes preponderant in order to avoid losses that turn to high economic damages. The plant tissues moreover have continuous requirements of light energy. From the physiological point of view, the cultivation of buds in bioreactors is also often accompanied with the development of tissue hyperhydricity. Moreover, it must be considered the eventual mechanical damage that the spin system can inflict to the propagative units. The cultivation in bioreactors remains therefore possible for some types In more recent years, several researches were carried out in order to develop semiautomatic systems that use the principle of the growth in temporary immersion with the aim to avoid the tissue hyperhydricity. Some systems of temporary immersion (TIS) have been employed on tropical plants (Alvard et al., 1993; Lorenzo et al., 1998; Escalona et al., 1999) and fruit trees (Damiano et al., 2002) . RITA ® System (Teisson and Alvard, 1995) is one of most recent. The system consists in an autoclavabile vessels in which the liquid medium come cyclically pushed from one air pump towards the vegetable mass in propagation without movement of the same one. Zhu et al. (2002) obtained good results with the use of RITA ® containers with the apple rootstock M26. A cheap way for the production has been found from Kokko and coauthors (2002) for poplar hybrids. Also McAlister et al., (2002) observed a higher productive and qualitative yield of Eucaliptus shoots in the cultivation with RITA ® . Some experiments of growth and germination have been carried out also on nodular callus of Narcissus by Sage and Schroeder (2002) and on the somatic embryos of Psidium guajava by Kosky et al. (2002) .
New technical solutions in order to carry out the cultivation in temporary immersion have been reported by Damiano et al. (2002) and from Grigoriadou et al. (2002) for olive tree buds. The present paper wants to present some results on uses of temporary immersion for the cultivation of valuable clones of Zantedeschia aethiopica and Anthurium andraeanum.
MATERIALS AND METHODS

Sterilisation of the Material and First Culture Phase
Meristems of valuable original genotypes of Zantedeschia aethiopica, coming from the breeding Company Brea (Migliarino, Italy) and Anthurium andraeanum coming from the Company Di Salvo (Bivona, Italy), were picked up in sterility and cultured for the first phase of adaptation in the dark, at 15°C, in Murashige and Skoog (1962) salts and vitamin basal agarised medium added with 2 mg/L µM benzyladenine (BA) and subcultured every 15 days on the same medium. After 3 months the sterile buds obtained were transferred in a new medium containing 3 mg/L BA and let in culture room with 24°C±1°C, 16 h light photoperiod at 30 μmol m -2 s -1 of photosynthetic photon flux density (PPFD), subcultured every 40 days.
When a considerable number of plants were obtained some growth experiments were carried out in containers suitable for the temporary immersion system. The culture polypropylene autoclavable 500 ml vessels (RITA ® -CIRAD, France) were choosen for all trials and 150 ml of liquid medium was inoculated for each vessel.
After some preliminary trials for the research of the best immersion frequency, a standard time table of 3 min of liquid medium perfusion every 3 hours was established. Also these trials were carried out in the culture room at 24°C ±1 in presence of a photoperiod of 16 hours of light at 30 μmol m -2 s -1 of photosynthetic photon flux density (PPFD).
Micropropagation of Zantedeschia aethiopica
Zantedeschia buds, 1 cm high, were layed onto the polyurethane foam disk which carry the plant material inside the vessels and let the passage of the liquid culture medium. The growth in the presence of three concentrations of BA (2 mg/L -3 mg/L -4 mg/L) were compared respect to a control (0 mg/L BA) in liquid and in solid culture media. Five replications with twelve explants each were prepared for each thesis.
In liquid culture the pH was evaluated every 7 days; the increase in fresh weight and the behaviour of the plants were monitored in the medium reported in Tab.1 (with 4 mg/L BA) without medium substitution. Data and observations were recorded every 20 days.
Micropropagation of Anthurium andraeanum
Anthurium miniaturised plants (1.5 cm height) were used for experiments. The basal medium (Tab.1), containing 3 mg/L BA was used as control, two other media containing in addition 1 mg/L of indolacetic acid (IAA) or 0.5 mg/L of gibberellic acid (GA 3 ), respectively, were tested in order to increase multiplication rate and contemporary increase the height of the plants. Three replications with 15 explants each were prepared for each thesis in repeated experiments. Data about the multiplication rate (N. shoot/explant), the height of the shoot clusters (cm), the presence of callus and the presence of bud primordia (%) were recorded after 40 days of culture.
Statistical Analysis
All the results were evaluated with the program COSTAT testing the analysis of variance; the averages were evaluated by the Student Newman Keuls test (p<0.5). Percentages were transformed in angular values before analysis.
Rooting and Acclimatization in the Greenhouse
After the culture period in RITA ® vessels, most of the plants showed roots. They were then directly transferred to the greenhouse for acclimatisation. The plants were planted in a 40% peat: 60% perlite substrate (by volume) and placed for 30 days in the greenhouse with a relative humidity of 80% supplied by a mist system (10 sec. every 30 min), then treated with low R.H. (50%) for other 30 days. The mean temperature was 23°C (April-May) and lighting was provided by natural light with 50% shade provided by polyester-aluminium net. Data about survival were recorded after 60 days, before transfer to soiless culture.
RESULTS
Zantedeschia aethiopica
After the comparison between agarised and liquid culture it was possible to define that the BA at concentration of 4 mg/L can induce the highest multiplication rate, both in liquid and in solid medium (Fig. 1) . The increase of citokinin inhibit rooting in the solid medium, but in liquid medium it is possible to obtain root emission also in high BA concentration (Fig. 2) . For this reason the medium with 4 mg/L of BA was then chosen for further trials.
The pH of the liquid inside the vessels (Fig. 3) , evaluated every 7 days permitted to observe a first negative step just after the culture start and then a substantial stationary level indicating that it not necessary to control chemically the concentration of hydrogen ions.
The data about the evaluation of the fresh weight of Zantedeschia explants were reported in Fig. 4 . In the first 20 days the increase rate was 2.4 and 1.8 in the further 20 days while the weight remains almost similar in the further 20 days. This last lessening of development is probably due to the reduction of the free space inside the vessel. While the plant material grows decreases the ratio between volume of the vessel and volume of the material, such problem can induce a growth inhibition.
The average multiplication rate at BA 4 mg/L calculated after several subcultures in 40-day cultivation (value of 3.44 -Tab.2) is still higher than that one obtained with the same concentration in other experiments (Ruffoni et al., 2002) with Erlenmayer liquid cultivation (value of 2.45 -data not shown).
The height of the shoots is highly compatible with an efficient acclimatization which benefits also from the contemporary presence of well connected roots.
Anthurium andraeanum
The evaluation of the growth parameters in temporary immersion system is reported in Tab. 3. In the presence of 2 mg/L BA the plants showed an increase of hard and green reserve organ at the base of the shoots, from this organ several shoot primordia arised. In 40 days a mean number of 5 shoots per initial explant with mean height of 3 cm developed with enlarged little leaves. The 82.6% of these shoots showed also root initials.
The statistical analysis of the growth parameters recorded at the end of the experiments made in order to increase the quality of the plants, showed a great difference between the plants grown in the presence only of BA or BA + IAA and the plants grown in the presence of GA 3 .
In the last case the plants showed a higher height and a lower multiplication rate respect to the other conditions (Fig. 5) .
The presence of GA 3 while induces the elongation of the internode, inhibit also the basal reserve organ (callus) formation (Fig. 6) ; this observation became statistically significative in particular respect to the medium with BA only. The same tendency was observed for the callus showing the shoot primordia (Fig. 6) .
Acclimatization
The plants of Zantedeschia and Anthurium coming from the temporary immersion system don't need a further period in rooting medium owing to the presence of root primordia or sometime, elongated roots well connected to the stem tissue. Even the plants which don't show any root are committed to rooting differentiation. This neoformations could also be emitted directly in the acclimatization phase in the greenhouse.
The tissues of the aerial part of the plants are compact and support very well the transfer to different environmental conditions.
For this reasons a 100% survival was always obtained in both species. The acclimatized plants of Zanthedeschia showed fast growth and further sprouting; they could be transferred to final destination 3 months after acclimatization. The Anthurium plants displayed slow growth and reached the right size for transfer within 5 months.
DISCUSSION
The elongation of the cells inside the tissue permit to increase internode lenght and the total height of the plants, this led to an easier root emission. This is particularly interesting for Zantedeschia plants which need a high concentration of growth regulator (4 mg/L BA) to obtain a commercially interesting multiplication rate. Normally a high citokinin concentration inhibit the rooting phase and it could be necessary to transfer the shoots to a intermedium substrate in order to loose the excess of the growth regulator.
The temporary immersion system (Fig. 7 ) evidenced for these ornamental plants with a particular hard epidermis texture, good possibilities for an economical exploitation of vegetative propagation. Multiplication rates and the quality of the plants are superior and never displayed hyperhydricity.
Two points have to be taken into consideration before a commercial use: the risk of contaminations and the right proportion between the plant material and the open space in the 500 ml vessels.
For the first point it is necessary also to consider that the vessels are independent, the bacteria don't have the possibility to transfer themselves to another container, so the infection can be restricted and eliminated with poor loose of material.
What about the second point this could be a bottleneck for the continuous growth; for instance, Zantedeschia reaches the maximum volume in 30-40 days of culture, then the shoots must be trasferred. It is important to study more suitable containers for medium size plant material.
After the set up of the multiplication protocols the plants are now in culture to optimise the system and to increase the knowledge on the physiological process that arise during this type of growth.
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